Abstract: Although distal pancreatectomy with en bloc celiac resection (DP-CAR) is used to treat locally advanced pancreatic cancer, the advantages and disadvantages of this surgical procedure remain unclear. The purpose of this study was to evaluate its clinical safety and efficacy.
INTRODUCTION

P
ancreatic body/tail cancer is usually diagnosed in its advanced stage, which is often considered unresectable 1, 2 because of the involvement of the celiac axis (CA) or the origin of the common hepatic artery (CHA). 3 Chemo-and/or radiotherapies have been the only options for these locally advanced pancreatic cancers, but their effects have been dismal. The 2-year survival rate in unresectable pancreatic cancer is only 10%, with a median overall survival of 9.8 months. 4 The reported 5-year survival rate of distal pancreatectomy (DP) with multimodal treatments is $29%, with a median overall survival 5 of 35 months. Extended distal pancreatectomy with en bloc resection of the celiac artery (DP-CAR) may provide a chance for complete resection of locally advanced pancreatic cancer. 6 However, data regarding DP-CAR are limited. It is unclear whether it is safe and effective, can provide survival benefits similar to DP, or can result in prolonged survival and better quality of life compared to supportive treatments.
Celiac axis resection without vascular reconstruction for gastric cancer was initially reported for total gastrectomy by Appleby. 7 Since then, celiac axis resection has been applied to distal pancreatectomy, a procedure referred to as DP-CAR. DP-CAR is a difficult and complicated procedure that has been the subject of much debate. It is feasible in theory because the blood supply through the superior mesenteric artery, pancreatoduodenal arcades, and gastroduodenal artery can support the hepatobiliary system and stomach. 8 However, postoperative ischemic problems continue to be a concern. Although DP-CAR dramatically increases tumor resectability, 9 the associated postoperative morbidity rate is high. The value of DP-CAR has not been made clear. The results from current studies that compared short-term outcomes between DP-CAR and DP have been inconsistent. Postoperative survival and quality of life after DP-CAR are also controversial. Some authors reported no survival benefits from DP-CAR [10] [11] [12] when compared with DP, whereas others have suggested that it resulted in prolonged disease-free survival in select patients. 13 When compared with palliative treatments, patients might achieve significant survival benefits from DP-CAR. 4 , 14 Hirano et al 15 reported that the 5-year overall survival with DP-CAR was 42%, which was better than the 5-year survival rate with DP alone. Because of the dissection of the nerve plexus surrounding the common hepatic artery and/or celiac axis, DP-CAR may lead to severe postoperative diarrhea and malnutrition. 15 Nonetheless, several studies have demonstrated that the diarrhea in DP-CAR was not severe 2 and could be effectively controlled with medication. DP-CAR is not routinely performed in most surgical clinical centers due to its complexity and high postoperative morbidity and mortality. It is extremely difficult to conduct a study with a large case series. The largest published case series included 42 2 patients and took almost 10 years to collect. Most of existing reports regarding DP-CAR include small case numbers without comparable data, which make it hard to determine the actual value of this procedure. Meta-analysis is an effective way to pool data from different studies to generate more stable and consolidated results. Therefore, the objective of this study was to use a meta-analysis to determine whether DP-CAR is a safe, feasible, and beneficial procedure.
MATERIALS AND METHODS
Search Strategy
MOOSE (Meta-Analysis of Observational Studies in Epidemiology) guidelines 16 were adopted in our systematic review. A computerized search was conducted using PubMed, EMBASE, Web of Science, the Cochrane Library, and Chinese electronic databases (VIP database, WanFang database, and CNKI database). The ultimate search date was October18, 2014, and the language was restricted to English or Chinese. Search terms used were: ''celiac resection, pancreatic neoplasm, and distal pancreatectomy.'' Search details are described in the Supplemental Data (S1). Ethical approval was not required for this study, because it was a literature review and had no bad effects on patients.
ELIGIBILITY CRITERIA Inclusion Criteria
(1) Types of participants: locally advanced body/tail pancreatic cancer involving the origin of the common hepatic artery, the root of the splenic artery, or the celiac axis. (2) Types of interventions: distal pancreatectomy with en bloc celiac artery resection (DP-CAR). (3) Outcomes: postoperative mortality, postoperative morbidity, or postoperative survival. (4) Types of studies: randomized controlled trials (RCTs), cohort studies, case-control studies, and case series (case numbers >5).
Exclusion Criteria
(1) Abstracts, letters, comments, editorials, expert opinions, and reviews without original data.
(2) Studies with small case numbers (DP-CAR<6).
(3) Non-English or non-Chinese language articles, nonhuman studies, and duplicates published by the same center.
Data Extraction
Two authors identified and screened the search findings. The titles and abstracts were screened for potentially eligible studies. Full-text articles were obtained for detailed evaluation. When studies were conducted in the same institution, we included either the study of better quality or the more recent publication. Two reviewers independently extracted the following data from each identified study: first author, year of publication, details of where the studies were conducted, study period, sample size, baseline characteristics of the studies, neoadjuvant therapy, vascular resections and reconstruction, operative time, intraoperative blood loss, reoperation, morbidity, mortality, hospital stay, survival, duration of follow-ups.
The Centre for Reviews and Dissemination partial checklist and the National Institute of Clinical Excellence (NICE) checklist 17 were implemented to assess the risk of bias and the methodological quality of the included studies.
Statistical Analysis
This meta-analysis was conducted using Comprehensive Meta-analysis Software (version 2.0). The mean difference (MD), standardized mean difference (SMD), odds ratios (OR) and hazard ratios (HR) with 95% confidence intervals were computed using fixed-or random-effects models to evaluate relevant clinical outcomes. Statistical heterogeneity between trials was evaluated by the x 2 test (P < 0.100 was considered to be significant) and I 2 values. An I 2 value of 50% or greater indicated the presence of heterogeneity. 18 In the absence of statistically significant heterogeneity, the fixedeffect method was utilized to combine the results. If heterogeneity was confirmed, the random-effect model was used. Publication bias was assessed using funnel plots and tested by Egger's test and Begg's test. P < 0.05 was considered to be statistically significant.
RESULTS
Description of the Studies
Database and manual searches identified 570 potentially relevant abstracts after excluding duplicates using EndNote X6 software. After screening the titles and abstracts, 54 articles were retrieved for a comprehensive review. Of these, 36 articles were excluded, resulting in 18 articles 2,4,9,13,14,19-31 suitable for inclusion in the systematic review ( Figure 1 ). Ten studies were conducted in Japan, 2, 4, 9, 19, 20, 22, 24, 26, 29, 30 1 in the United States, 13 1 in Germany, 25 and 6 in China. 14, 21, 23, 27, 28, 31 Details are shown in Table 1 . Moreover, some articles from the same institutions were also included because they focused on different outcomes (Hirano' 14 and Dong et al's study 27 from the Shanghai Jiao Tong University School of Medicine).
Methodological Quality
The Centre for Reviews and Dissemination Quality Assessment Checklist was utilized to address selection bias, attrition bias, and detection bias; 17 the results are shown in 
INTRAOPERATIVE OUTCOMES Operating Time
Data on operating time were available from 8 studies 4, 9, 19, 25, 27, 28, 30, 31 including115 patients undergoing DP-CAR. The mean operating time varied from 200 to 612 minutes. Significant statistical heterogeneity was observed among these studies (I 2 ¼ 95.69%). The integrated mean operating time was 335.55 minutes (95%CI: 270.71-400.39) using random models. Meta-analysis of the 5 studies 4, 9, 14, 19, 29 that provided comparative data revealed that the operating time for DP-CAR was significantly prolonged compared to that of DP (SMD:1.497, 95%CI: 0.538-2.456, P ¼ 0.002; heterogeneity: P < 0.001, I 2 ¼ 87.40%).
Intraoperative Blood Loss
Seven studies 4, 9, 13, 27, 28, 30, 31 including 114 patients undergoing DP-CAR reported intraoperative blood loss. The mean blood loss varied from702 mL to 1867.5 mL. Because of significant heterogeneity between these studies, random models were adopted to combine data; the pooled intraoperative blood loss was 1319.88 mL (95%CI: 938.84-1700.92). Meta-analysis of 5 studies 4, 9, 14, 19, 29 with comparative data showed a significantly higher intraoperative blood loss in DP-CAR compared to DP (SMD:0.839, 95% CI:0.304-1.374, P ¼ 0.002; heterogeneity: P ¼ 0.021, I
2 ¼ 65.30%).
Vascular Reconstruction
Vascular reconstruction includes arterial and venous reconstruction. Nine studies 2, 9, 13, 20, 21, 23, 26, 27, 30 reported the incidence of arterial reconstruction during DP-CAR. The pooled incidence of arterial reconstruction in DP-CAR was 11.53% (95%CI: 6.88-18.68%), without significant heterogeneity (P ¼ 0.55, I
2 ¼ 0%). Superior mesenteric vein (SMV)/portal vein (PV) resections in DP-CAR were reported in 11 studies 2,4,9,13,14,19 -22,25,30 involving 154 DP-CAR cases. The pooled incidence of vein resections in DP-CAR was 33.28% (95%CI: 20.45-49.19%) using random models. Only 3 studies 4,9,29 compared the incidence of vein resections between DP-CAR and DP. Pooled data of the 3 studies showed a higher incidence of vein resections in DP-CAR compared to DP (odds ratio: 4.619, 95% CI: 1.48-14.40, P ¼ 0.008) ( Figure 2 ).
Intraoperative Combined Resection of Other Organs During DP-CAR
The majority of combined organ resections in DP-CAR were due to tumor invasion. The pooled combined rates of gallbladder resection, 13, 20, 22 gastrectomy, 4,9,13,19 -24 colon resection, 9, 19, [21] [22] [23] [24] left kidney resection, 9,21-23 and small bowel resection 9, 24 were 46.28%, 36.29% (22.54% for partial gastrectomy and 29.42% for total gastrectomy), 15.89%, 14.66%, and 6.91%, respectively.
R0 Resection Rate
The R0 resection rate was reported by 8 studies, 2, 4, 13, 22, 23, 25, 28, 30 with significant heterogeneity between the studies. The R0 resection rate during DP-CAR ranged from 30.8% to 100%, whereas the pooled R0 resection rate was 72.79% (95% CI, 46.19%-89.29%). Meta-analysis of the results from 3 comparative studies 4,9,29 involving 146 patients showed a lower R0 resection rate in DP-CAR, but no significant difference was identified between DP-CAR and DP (OR: 0.36, 95% CI, 0.05-2.67, P ¼ 0.32; heterogeneity: I 2 ¼ 85.19%).
POSTOPERATIVE OUTCOMES Ischemic Complications and Preoperative Embolization
Postoperative ischemic complications after DP-CAR commonly include gastric, gallbladder, and hepatic ischemic problems. Postoperative gastric ischemic events were reported in 12 studies. 13,22,23,26 -28,31 respectively. Fewer gastric ischemic complications were observed in the preoperative embolization group, but no significant difference was identified compared to the nonpreoperative embolization group (RR: 0.74, 95%CI: 0.30-1.80, P ¼ 0.51) (Figure 3 ).
The incidence of transient abnormal AST or ALT levels, up to 40%, 27 after DP-CAR was reported in some studies. 22, 23, 27 However, relevant liver ischemic problems, including liver dysfunction, hepatic infarction, and liver abscess, were not frequent. Regarding gallbladder ischemic problems, 2 cases of gallbladder perforation were reported by Shimura et al 26 and Miyakawa et al. 20 The other 4 studies reported no gallbladder ischemic problems. 13, 23, 27, 31 The combined incidence of this problem was 7.31% (2.72-18.17%).
Postoperative Mortality
The mortality rate for DP-CAR ranged between 2% and 16.7%. Nine of 221 patients died during the postoperative hospital stay: 2 cardiac infarction, 2,30 2 multiple organ failure, 2, 21 1 respiratory failure secondary to severe methicillin-resistant staphylococcus aureus (MRSA) pneumonia; 9 the causes of death included 1 serious intra-abdominal infection secondary to severe POPF and gastrointestinal leakage, 27 1 hypoglycemia, 23 1 acute respiratory distress syndrome, 30 and 1 portal venous bleeding. 30 The overall postoperative mortality rate was 6.7% (95% CI, 4%-11.2%; P < 0.001; I 2 ¼ 0.00%). Five comparative studies 4,9,19,22,29 showed higher mortality rates in DP-CAR, but no significant difference was identified compared to DP (OR: 1.798, 95%CI, 0.360-8.989, P ¼ 0.475; heterogeneity: I 2 ¼ 0.000%) ( Figure 4A ). Publication bias based on the mortality rate from comparative studies was not observed using Egger's test (P ¼ 0.36) and Begg's test (P ¼ 0.81).
Postoperative Morbidity
There was a similar incidence of postoperative complications among 12 studies 2,4,9,13,20-22,25-28,31 involving179 DP-CAR patients. The pooled postoperative morbidity rate was 0.494 (95%CI, 41.8-57.0%, heterogeneity: I 2 ¼ 5.28%). Data from the 3 controlled studies 4, 9, 19 indicated no difference in the morbidity rates between DP-CAR and DP (OR, 2.106, 95%CI 0.828-5.353, P ¼ 0.118; heterogeneity: P ¼ 0.387, I 2 ¼ 0.000%) ( Figure 4B ), and no significant publication bias was identified. 4, 9, 14, 29 showed no significant difference in the incidence of POPF between DP-CAR and DP (OR:1.07, 95%CI:0.52-2.20; heterogeneity: P ¼ 0.640, I
POPF
2 ¼ 0.000%); no significant publication bias was detected.
DGE
Clinically relevant DGE (CR-DGE) was reported by 2 studies; 4,30 the pooled incidence of CR-DGE was 30.56% (95%CI, 17.80-47.21%). The pooled odds rate regarding CR-DGE between DP-CAR and DP from small samples 4, 29 was 5.67 (95%CI, 1.48-21.75, P ¼ 0.01). Therefore, the Bayes estimator was also performed using WinBUGS14; the OR was 6.91 (95%CI, 1.75-28.53).
RE-OPERATION
Zero incidence of reoperation was reported in 3 studies. 13, 14, 31 Three of 23 patients underwent reoperation was reported by Okada et al: 30 1 for gastric leakage, and the cause of the other 2 was unclear. Takahashi et al 9 reported that 2 of 16 patients were re-operated on due to bile peritonitis that developed from a stump of partial resection of the liver and a pseudoaneurysm that developed from the stump of the common hepatic artery (CHA). The pooled rate of reoperation in 73 patients 9,13,14,30,31 was 9.74% (95%CI, 4.56-19.59%; heterogeneity: P ¼ 0.793, I
2 ¼ 0.000%).
Hospital Stay
High heterogeneity was found among the studies 9, 13, 19, 21, 27, 28, 31 in terms of hospital stay (I 2 ¼ 93.45%); the combined mean hospital stay using a random model was 24.16 favored a longer hospital stay with DP-CAR compared to DP, whereas the other 3 studies 9,14,19 did not detect a significant difference between DP-CAR and DP in hospital stay data. Pooled results showed a longer hospital stay in DP-CAR, but no significant difference was observed compared to DP (SMD: 0.301, 95%CI À0.286 to 0.887, P ¼ 0.315; heterogeneity: P ¼ 0.043, I 2 ¼ 63.077%).
SURVIVAL AND QUALITY OF LIFE AFTER DP-CAR Survival
The combined 1-, 2-, and 3-year survival rates after DP-CAR were 65.22% (49.32-78.34%), 4, 9, 19, 22, [25] [26] [27] [28] [29] 30 .20% (21.50-40. 60%), 4,9,19,22,26 -29 and 18.70% (10.89-30.13%), 4, 9, 19, 22, [26] [27] [28] respectively. The5-year survival rates varied from 0% to 25% in the included studies, 2,21,22,26 with a median survival time of 9 to 25 months for DP-CAR patients. Detailed individual survival data with DP-CAR were available from 8 articles 13, 19, 20, 22, 23, [25] [26] [27] involving71 patients. Pooled data from these patients revealed that the estimated means and medians for survival time of DP-CAR were 24.12 (95%CI, 18.26-29.98) months and 17.00 (95%CI, 13.52-20.48) months, respectively. Survival curves are shown in Figure 5 . Six studies 4, 9, 14, 19, 22, 29 reported comparative data in postoperative survival. There was no significant difference regarding postoperative 1-, 2-, and 3-year survival rates between DP-CAR and DP (Table 2) , whereas a better 1-year survival rate was observed in DP-CAR when compared to palliative treatments (Table 3) . Pooled HR for overall survival between DP-CAR and DP was 1.36 (95%CI:0.997-1.850, P ¼ 0.052). 4, 9, 14, 19, 22, 29 Pooled HR for overall survival between DP-CAR and palliative support was 0.38 (95%CI:0.25-0.58, P < 0.01) 4, 14, 19 (Table 4) .
Postoperative Analgesia DP-CAR alleviates epigastric and/or back pain due to the resection of the celiac plexus. A high incidence (83-100%) of cancer-related pain relief was achieved after DP-CAR as FIGURE 4 . Meta-analysis of mortality and morbidity: (A) comparable mortality rates between DP-CAR and DP; (B) comparable morbidity rates between DP-CAR and DP. DP ¼ distal pancreatectomy, DP-CAR ¼ distal pancreatectomy with en bloc celiac resection. 
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reported in 6 studies. [21] [22] [23] 27, 28, 31 The combined proportion of cancer-related pain relief was 89.20% (95%CI, 77.85-95.10%).
Postoperative Diarrhea
The resection of celiac ganglia in DP-CAR may result in postoperative diarrhea. Eight studies 4, 9, [21] [22] [23] [24] 27, 28 reported the rate of postoperative diarrhea. DP-CAR rarely induced intractable diarrhea; most diarrhea could be effectively controlled using loperamide and/or opium tincture or autorelieved. Baumgartner et al reported that 1 of 11 patients required readmission due to postoperative diarrhea and dehydration, 13 but they did not report the detailed incidence of postoperative diarrhea. Five patients with refractory diarrhea were reported by Yamamoto et al, 4 but their management was not reported. The highest incidence of mild postoperative diarrhea, up to 100%, was reported by Dong et al, 27 but all cases were auto-alleviated in 1 to 6 months. In order to avoid bias, the Dong study 27 was excluded when pooling the incidence of postoperative diarrhea. The incidence of postoperative diarrhea ranged from 8.30% to 100%; the pooled incidence of postoperative diarrhea was 37.10% (95%CI, 20.79-57.00%) with significant heterogeneity among the studies.
DISCUSSION
Advanced pancreatic body/tail cancer is often considered unresectable because the celiac artery is usually invaded by the time of diagnosis. DP-CAR dramatically increases the tumor respectability because of the complete resection of tumors and involved vessels. Until now, only sporadic retrospective studies of DP-CAR with small samples have been available. We have lacked convincing evidence comparing postoperative outcomes between DP-CAR and standard DP. The advantages and disadvantages of DP-CAR remain unclear. Therefore, a systematic review and meta-analysis comparing DP-CAR to DP was performed; the results indicated that DP-CAR is a complex surgical procedure with high postoperative morbidity but with acceptable postoperative survival and quality of life. DP-CAR can dramatically increase the R0 resection rate to72.79% but with a high incidence of vascular reconstruction. Wedge resection with primary closure, end-to-end anastomosis or graft interposition for the management of involved vessels is often utilized during DP-CAR. The pooled incidence of arterial reconstruction in DP-CAR was 11.53%, where it was 33.28% for vein resection and reconstruction. Meanwhile, the incidence of intraoperative combined resection of other organs during DP-CAR was also high. Partial gastrectomy, total gastrectomy, left adrenal gland removal, and colon resections were commonly performed to remove the tumors in en bloc. Prolonged operating times and increased intraoperative blood loss were identified more often in DP-CAR compared with DP. A higher incidence of postoperative mortality and morbidity was seen in DP-CAR, but no significant differences were detected compared to DP. Data on 21,482 pancreatectomies from the National Cancer Data Base (NCDB) 33 showed that the unadjusted 90-day mortality rate was 7.4% (95%CI: 7.0-7.8). Our data showed that the overall postoperative mortality rate of DP-CAR was 6.7% (95%CI: 4-11.2%), and the pooled postoperative morbidity rate was 49.4% (95% CI: 41.8-57.0%). POPF and DGE are the most common postoperative complications. The present study demonstrated that the incidence of POPF after DP-CAR was 31.31% (95% CI: 23.69-40.12%), which was similar to that of DP. However, clinically relevant DGE was higher in DP-CAR compared to DP. Postoperative ischemic problems continue to be a difficult issue in DP-CAR. Celiac axis resection may result in ischemia of the hepatoduodenal region, leading to ischemic gastropathy 2 and ischemic hepatopathy. Our pooling results showed that the incidence of gastric ischemic problems was 12.87%. Preservation of the stomach during DP-CAR remains debatable and needs to be clarified in the future. Relevant liver ischemic problems are rare, mild, and acceptable. Transitory abnormal ALT or AST levels were identified after DP-CAR, but they resolved fully within $1 to 2 weeks. No significant difference between the DP-CAR and DP was detected regarding postoperative liver function. Prophylactic cholecystectomy might be unnecessary unless the arterial blood supply is compromised. Preoperative coil embolization was reported to be an effective method of avoiding postoperative ischemic complications 6 because of enhanced collateral arterial flow. However, whether preoperative embolization decreases the incidence of postoperative ischemic events is unclear. The present study showed a lower incidence of postoperative ischemic complications in the preoperative embolization group, but no significant difference was identified compared to nonembolization. Therefore, preoperative embolization might be beneficial, if not required. Regardless of preoperative embolization, it is very important to confirm the hepatic arterial inflow with intraoperative ultrasonography 13 or palpating the pulse 28 of the proper hepatic artery (PHA) after temporary blocking of the celiac axis. Weak pulsation of the PHA hints at insufficient arterial blood supply, suggesting hepatic artery reconstruction.
Most of the studies showed that better quality of life was achieved after DP-CAR, but overall survival remains under debate. 21 The 5-year survival rate varied from 0% to 42% 15, 24 after DP-CAR, with a median survival time of 9 to 26 months for advanced pancreatic body/tail cancer. Our data showed that the estimated means and medians for survival time of DP-CAR patients were 24.12 months and 17 months, respectively. DP-CAR had shorter overall survival compared to DP, but no significant difference was identified. This trend was not unexpected because patients who underwent DP-CAR were normally at a more advanced stage. When compared to palliative treatments, DP-CAR had a better 1-year survival rate, and it reduced the risk of all-cause death by 62%. Moreover, DP-CAR dramatically improves patients' quality of life through immediate and complete relief of back pain. Resections of the celiac plexus and celiac ganglia as well as the retroperitoneal tissues might result in severe diarrhea and malnutrition. Unlike pancreatoduodenectomy, DP-CAR preserves the continuity of the digestive tracts; therefore, it might be less associated with uncontrollable diarrhea. Actually, the patients who underwent DP-CAR had a reasonable nutritional status, which made postoperative chemotherapy possible. The present study has several limitations, so its conclusions should be interpreted with caution. No randomized controlled trials of DP-CAR are available in the existing studies. All data in our study came from retrospective studies with small samples, and the clinical evidence level is low. It takes several years, possibly even more than a decade, to obtain series with >10 cases of DP-CAR in the clinical setting. The mean interval of research time in the included studies is (8.89þ5.43) years. Therefore, the results might be affected by different treatment protocols and perioperative management techniques over this long interval. Evidence of heterogeneity and possible publication bias were detected in the analysis of some outcomes. Moreover, a high incidence of vascular resection and reconstruction was observed in DP-CAR. Different types of vascular resections have different portal vein occlusion times, which might affect postoperative liver function. Ischemic liver problems after DP-CAR should be evaluated separately according to the presence or absence of vascular reconstruction, which was not done in the current studies. Because of the small samples in the included comparative studies, bias, and possibly even errors, might have occurred in data transformations regarding survival analysis. Quality of life was reported in a few trials; this should be further investigated in well-designed future studies.
In conclusion, DP-CAR is a reasonable treatment choice for locally advanced pancreatic body/tail cancer. It is acceptable in terms of its high resectability rate, postoperative survival benefits and excellent postoperative pain control. However, it is a complicated procedure with high risks and should only be performed by experienced hands. Because of the limitations of the present study, many controversial issues remain in DP-CAR, and its conclusions should be interpreted with caution.
